ABSTRACT: Dry matter (DM), crude protein (CP), and the content of individual amino acids (AA) were determined in the bodies of Ross 308 and Cobb 500 hybrids including feathers after 40 days of fattening. Percentages for the content of individual AA were then calculated from the total sums of AA. The level of CP, irrespective of sex, was 453.16 ± 5.916 g/kg of DM for the Ross and 470.94 ± 5.404 g/kg of DM for the Cobb hybrid (P ≤ 0.05). For both hybrids, the content of CP was significantly (P ≤ 0.01) higher for cocks as opposed to hens. The AA levels in DM, irrespective of sex, were higher in the Cobb hybrid except for Glu; it was significantly higher for Asp, Ser, Ala, Lys (P ≤ 0.01), and Thr and Arg (P ≤ 0.05). The values for the majority of AA were higher for cocks than for hens in both hybrids. For the majority of essential AA, significant (P ≤ 0.01; P ≤ 0.05) differences were recorded between sexes. For non-essential AA except for Ser and Ala, significantly (P ≤ 0.01; P ≤ 0.05) higher values were found in cocks. Of the total sums of AA in DM of Ross broilers, the largest presence (here and after in %) was that of Glu (14.92), followed by Leu (8.80), Asp (8.73), Gly (8.71), Arg (7.21), Val (6.33), and Pro (6.09). The lowest contents were those of Met (2.41) and His (3.28). For the Cobb hybrid, the AA were Glu (13.90), Asp (9.12), Gly (8.48), Leu (8.43), Arg (7.48), Lys (6.44), and Pro (6.09). The AA lowest contents were those of Met (2.30) and His (3.16).
INTRODUCTION
Knowledge of the amino acids (AA) content in the whole body and feathers of broiler chickens contributes to better understanding of their requirements (Stilborn et al. 1997) , which are derived from the presence of AA in the bodies of broiler chickens (Saunders et al. 1977 ). An optimal content of AA in the diet is particularly important for animal growth. Extensive literature data exists and is available regarding the requirements for crude protein (CP) and AA in the ration for broiler chickens (e.g. National Research Council 1994; Dozier et al. 2008) . The content of AA in the body is relatively constant; nonetheless, partial differences are mentioned, e.g. between the sexes and ages of chickens. However, we did not find any comparison of the content of AA in the bodies of broiler chickens among different hybrids in the literature.
As is stated by Baker (1997) , the requirements for AA are influenced by a series of factors such as the level of protein, the level of energy, and the presence of protease inhibitors, environmental factors such as crowding, space at the feeder, temperature, changes in health, genetic factors such as sex and propensity for the leanness or fat content of the meat.
For the creation of body protein in poultry, some 22 AA are essential. Some of these can be synthesized by the birds, and these involve nonessential amino acids (NEAA); on the other hand, essential amino acids (EAA) cannot be synthesized in necessary quantities (Applegate and Angel 2008) . Of the EAA, the AA lysine (Lys) and threonine (Thr) cannot be produced by the animal at all, since it has no transaminases required for their production. Other indispensible AA also include those that are essential for the organism and which may indeed be synthesized within the body, but not in sufficient quantity. These are tryptophan (Try), histidine (His), phenylalanine (Phe), leucine (Leu), isoleucine (Ile), methionine (Met), valine (Val), and arginine (Arg). The possibilities for their synthesis are more theoretical rather than practical, since the feed does not contain the appropriate keto acids necessary for their production. Feed for broiler chickens should therefore meet their complete requirements for all EAA (Zelenka et al. 2007) .
Literature data concerning the content of AA in the body and feathers of chickens varies and is sporadic (Stilborn et al. 1997 (Stilborn et al. , 2010 . The genetic potential of broiler chickens has risen significantly, and greater performance has led to changes in requirements for AA (Selehifar et al. 2012) . Thus the aim of this study was to verify the content of CP, EAA, and NEAA in the whole body including feathers in Ross 308 and Cobb 500 hybrid chickens, and compare the possible differences with respect to the sex of the birds.
MATERIAL AND METHODS

Animals.
The experiment was conducted using 160-day-old, sexed broiler chickens of the hybrids Ross 308 and Cobb 500, thereby creating four experimental groups consisting of 40 hens and 40 cocks for each hybrid.
Environment. The experiment was conducted at an accredited experimental animal facility (stable) at the Department of Animal Nutrition at the University of Veterinary and Pharmaceutical Sciences Brno. The chickens were reared separately, according to the sex of hybrid, in four enclosures with deep-litter loose housing. Throughout the fattening, stocking density met the requirements for optimal area load, namely that of 17 individuals per m 2 . The lighting regime was set at 23 h of light and 1 h of dark. Microclimatic conditions, including ventilation, were controlled automatically. The temperature of the straw beds at the start of the experiment was 34°C; thereafter, it was reduced daily by 0.3-0.4°C and reached 18°C by the end of the experiment.
Feeding. Over the course of fattening, the chickens of both hybrids received identical complete compound feeds -on days 1-9 the compound BR 1 , 10-30 the compound BR 2 , 31-40 the compound BR 3 . The content of nitrogen-containing substances and AA in the complete compound (2003) . The whole body of the chicken, including feathers, was homogenized in a cutting machine, and the homogenized material was weighed and dried. The DM of the homogenized material was determined by drying at 105°C and weighing. The nitrogen content was then determined using the Kjeldahl method on a Buchi analyzer (Centec automatika s.r.o., Prague, Czech Republic) and the CP contents were calculated by multiplying the nitrogen value by a coefficient of 6.25. The AA contents were determined following acid hydrolysis in 6 N HCl at 110°C for 24 h using the automatic amino acid analyzer AAA 400 (Ingos a.s., Prague, Czech Republic) based on the colourforming reaction of AA with the oxidative agent ninhydrin. The AA analysis was used to determine the value for pure protein, expressed as the sum of AA (Asp, Thr, Ser, Glu, Pro, Gly, Ala, Val, Met, Ile, Leu, Tyr, Phe, His, Lys, and Arg).
All results stated in this study are, for the purpose of more accurate reproducibility, stated in the DM of whole-body chickens (g/kg of DM).
Statistical analysis. The results obtained were processed using the statistical program Unistat CZ (Version 5.6, 2005) for MS Excel, in which differences between mean values were evaluated by multiple comparison using the Tukey's HSD test, on 1% and 5% levels of significance.
RESULTS
Content of essential nutrients and gross energy.
The content of essential nutrients and gross energy in complete compound feeds consumed in the course of the experiment corresponded Ross (x ± SD) Cobb (x ± SD) Ross (%) Cobb (%) Ross (x ± SD) Cobb (x ± SD) Ross (%) Cobb (%) Phe were analyzed, and of the semiessential AA, Arg, and His. Of the NEAA, Asp, Ser, Glu, Pro, Gly, and Ala were analyzed. The levels of AA in the DM of whole bodies, including feathers, of Ross and Cobb hybrid broiler chickens at the end of fattening were always, with the exception of Glu, higher for the Cobb (Table 3) . Statistically higher were Lys (P ≤ 0.01), Thr, and Arg (P ≤ 0.05) of the EAA, and Asp, Ser, and Ala (P ≤ 0.01) of the NEAA.
The levels of all AA in the dry matter of whole bodies, including feathers, were at the end of fattening always higher for Cobb hybrid hens as opposed to Ross hybrid hens. Statistically significant (P ≤ 0.05) were the differences for AA Thr, Glu, Pro, and Phe (Table 3 ). For cocks the situation was less straight-forward (Table 5 ). With the exception of AA Glu, Gly, Val, Met, Ile, Leu, and Phe, the values of AA were higher for Cobb hybrid cocks; statistically significant differences were recorded for Asp, Glu, Lys, and Arg (P ≤ 0.01), and additionally for Ser and Ala (P ≤ 0.05).
Differences between levels of AA in relation to the sex of Ross and Cobb hybrids are given in Table 5 . The level of AA in cocks is higher for both hybrids. In the Ross hybrid, statistically significant differences were found for AA Glu, Val, Ile, Leu, Phe, and His (P ≤ 0.01), as well as for Thr and Met (P ≤ 0.05), and in the Cobb hybrid for AA Ala, Leu, and His (P ≤ 0.01), and for Lys (P ≤ 0.05).
Percentages for the content of AA in the protein of the bodies of Ross and Cobb hybrid chickens. Based on the results of the amino acid analysis of the chicken bodies, percentages were calculated for the contents of individual AA in the body protein of the DM of hens and cocks' bodies of both hybrids. Body protein was taken as the sum of AA.
Of the total sum of AA, the highest content in the DM of the bodies of Ross broilers showed (in %) Glu (14.92), followed by Leu (8.80), Asp (8.73), Gly (8.71), Arg (7.21), Val (6.33), and Pro (6.09), while the lowest contents were for Met (2.41) and His (3.28). For the Cobb hybrid, the AA with the highest percentages (%) were Glu (13.90), Asp (9.12), Gly (8.48), Leu (8.43), Arg (7.48), Lys (6.44), and Pro (6.09), while the lowest contents were for Met (2.30) and His (3.16) ( Table 3) . Of the EAA, the highest content in body protein (ΣAA) of the DM of the bodies of Ross hybrid hens (Table 3) (Table 4) showed (in %) Leu 5.70 and Ile (5.70), followed by Val (6.85), Lys (5.64), Thr (4.93), Phe (4.89), Tyr (3.36), and Met (2.65). For Cobb hybrid cocks, the percentages (%) were Lys (6.95), followed by Val (6.17), Leu (5.12), Ile (5.12), Thr (4.93), Phe (4.57), Tyr (3.58), and Met (2.42).
When comparing percentages for the contents of AA in the body protein of the DM of bodies between cocks and hens of the Ross and Cobb hybrids, no substantial differences were recorded and the calculated values are given in Table 5 .
DISCUSSION
Lots of information can be found in the literature concerning both the requirements for AA and their possible supplementation in the diet (Aletor et al. 2000; Mukhtar et al. 2007; Zelenka et al. 2007 ) as well as the content of AA in the muscle tissue of broiler chickens (Suchy et al. 2002; Strakova et al. 2006; Meluzzi et al. 2009; Bogosavijevic-Boskovic et al. 2010, a.o.) ; in contrast, data concerning the content of AA in the whole bodies of chickens, including feathers, at the end of fattening, are only sporadic (Stilborn et al. 1997 (Stilborn et al. , 2010 . What is primarily lacking in current practice is, however, any monitoring of the broiler hybrids. Over the course of recent years the genetic potential of broiler chickens has significantly increased, and greater performance has led to changes in requirements for AA (Selehifar et al. 2012) . As argued by Emmans (1989) , the question of AA requirement can be resolved by analyzing the AA contents in the protein of the body and feathers. Stilborn et al. (2010) state that the content of proteins in the bodies of broiler chickens (without feathers) is significantly influenced by age and sex. Over the period from 0 to 42 days of age, both a decline in the value for protein in relation to chicken age, and lower values for hens were recorded. The greater reduction in the level of CP for hens in comparison with cocks reflects their earlier maturation, similarly the greater deposition of fat (Stilborn et al. 2010) . The values we give for Table 5 . Levels of amino acids (g/kg) in the whole bodies of Ross and Cobb hybrid broiler cocks (n = 20) and hens (n = 20) at the end of fattening Amino acid (g/kg)
Ross Cobb Sklan and Noy (2004) monitored the AA composition of the bodies of broilers (without feathers) from day 0 until day 42, and found that after the 14 th day of age the composition changed very little. When comparing levels of individual EAA in the DM of bodies in terms of the sex of fattened chickens, values determined at the end of the experimental period (the 35 th and 40 th day), with the exception of Lys and Tyr, were higher for cocks and statistically significant differences were demonstrated for the majority of EAA. This finding is in complete agreement with the results of this study, in which the levels of most AA were higher for cocks in both hybrids. For the Ross hybrid, the differences demonstrated for AA Glu, Val, Ile, Leu, Phe, His, Thr, and Met were statistically significant, while in the Cobb hybrid the same applied for AA Ala, Leu, His, and Lys. Stilborn et al. (2010) likewise recorded that in addition to a chicken's age, its sex was a second factor influencing the values of AA -both EAA and NEAA. Differences between the sexes were observed in the later part of the fattening period, and reflect different maturation times. It can be concluded that in this respect too we are seeing the genetic potential of modern hybrids.
The trends described for EAA can also be generally applied to NEAA, and we also match the data of Stilborn et al. (2010) . Partial minor differences can be explained by the fact that in our study whole-body chickens including feathers were analyzed, whereas Stilborn et al. (2010) analyzed chicken bodies without feathers. In another study of Stilborn et al. (1997) , dealing with the influence of age on the contents of AA in the feathers of broiler chickens, it was documented that age also plays a significant role in the contents of AA in feathers, in particular on days 14-42 of age. Kreuzer et al. (1988) also confirmed that levels of AA in birds change with age, especially in the early growth stage (weeks 0-2). The AA Pro, Lys, His, and Cys were especially influenced by changes in plumage, connective tissues, and muscles in proportions of the body. In contrast, Nitsan et al. (1981) , who studied the composition of AA in the carcass, skin, and feathers of goslings from hatching until day 42 of age, did not find that age had any influence.
They stated that proteins in gosling plumage are characterized by higher levels of Cys, Ser, Pro, Val, and Tyr compared to the carcass and skin. Similarly, Pellet and Kaba (1972) stated that for quickly or relatively quickly growing animals, the AA composition is relatively constant. Stilborn et al. (1997) stated that age has a greater role in the content of individual as well as total EAA than either the hybrid or sex of a broiler chicken. Total NEAA as a percentage of total EAA increases with the age of broilers and points to changes in the composition of feathers during that period. Our results, however, do not fully concur with this assertion.
Changes in the percentage content of AA in the DM of protein in the chicken bodies. Of the total sum of AA in the DM of Ross broilers bodies, the largest content showed Glu, followed by Leu, Asp, Gly, Arg, Val, and Pro. Met and His had the lowest content. With a few minor exceptions, a similar pattern emerged for the Cobb hybrid. Comparisons between the sexes for the Ross hybrid did not reveal any large differences, and the same applied for the Cobb hybrid. The percentage content of EAA and NEAA for both hybrids did not show any major differences.
In body proteins there are 22 AA, and all of them are essential for the organism. Poultry needs CP in quantities which ensure a sufficient amount of all EAA, as well as enough semi-essential and NEAA, or enough of the substances required to produce them. There has been a long-term trend to try not to increase, and even to decrease, the content of CP in feed mixtures, even though animals with a modern genetic pool grow more intensively and thus store more CP from feed (Hussein et al. 2001) . When using industrially manufactured AA, provided the content of individual EAA has been successfully balanced, a mixture can contain less CP. Such a mixture is generally cheaper and yet the performance of the animal is not reduced. Thus less excessive AA are metabolized in the body, the content of CP in the faeces falls, and environmental damage is thereby curtailed.
